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Abstract 
Doosan Power Systems are developing competitive Post Combustion CO2 Capture (PCC) technologies 
for application on coal- and natural gas-fired power plants for commercialisation by 2020. 
The paper presents an overview of the UK’s largest post combustion CO2 capture plant on a coal fired 
power station, the CCPilot100+, giving an insight into the design and construction processes, operating 
experience gained during commissioning and a presentation of preliminary results from the first period of 
testing. 
Doosan Power Systems completed commissioning the CCPilot100+ plant at SSE’s Ferrybridge Power 
Station in West Yorkshire in March 2012. The 100 t CO2/day (15MWt, 5MWe equivalent) CCPilot100+ 
PCC pilot plant is the first of its size to be integrated into a live power plant in the UK and uses Doosan 
Power Systems’ technology. It is designed to demonstrate scale-up of the PCC process and provides a 
stepping stone from process characterisation on Doosan Power Systems’ 1 t CO2/day (160kWt) Emissions 
Reduction Test Facility (ERTF) to commercial-scale (150MWe plus) plant. The experience gained during 
the development and operation of the ERTF PCC pilot plant has been used in both the CCPilot100+ plant 
design and test programme development.  
The project is co-funded by the project partners: SSE, Vattenfall AB, the Technology Strategy Board 
(TSB), the Department of Energy and Climate Change (DECC), The Northern Way and Doosan Power 
Systems, who were also responsible for the design and EPC project. In addition to the partners, four 
universities are undertaking associated research as part of the project and there is a training programme 
for future CCS engineers on a ‘live’ plant, creating a valuable resource for future developments. 
A two year test programme started in the first quarter of 2012. The test programme and long-term 
operation of the CCPilot100+ aim to optimise the PCC process and provide the data to develop and 
validate performance models. The test programme will demonstrate the capability of the process over the 
range of operating conditions that exist in power plant resulting from modern day electrical demand. The 
test programme will also assess and optimise, where possible, the performance of solvents for 
regeneration steam consumption, solvent degradation and materials compatibility.  
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Auxiliary power requirements, which add to power plant parasitic losses, will be assessed and, by 
working with the supply chain, more efficient methods of operation can be considered and developed.  
Benchmark performance on 30% w/w monoethanolamine (MEA) solvent is being established first and 
will be followed by extensive parametric and long-term performance testing using the RS2TM designer 
solvent. Optimisation and long-term testing of a next generation advanced solvent will also be conducted 
following the RS2 TM testing phase. The testing and verification programmes at both the CCPilot100+ and 
the ERTF will be used to substantiate the scalability of Doosan Power Systems’ PCC technology under 
real operating conditions. 
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1. Background 
To achieve the global target reduction in CO2 emissions of some 80% by 2050, while still requiring the 
use of fossil fuels to produce electricity, carbon dioxide capture and permanent underground storage 
(CCS) will be necessary. 
Legislation will require new plants to be carbon capture ready and, beyond a certain date, to be 
equipped with CCS.  It is also likely that existing power plants will require CCS to be retrofitted once the 
technologies have been demonstrated to be economically viable on a commercial scale.  Emission trading 
and CO2 caps will also provide strong economic incentives to install CCS on both existing and new 
plants. 
Post Combustion Capture (PCC) represents one of the most commercially ready technologies for 
application to fossil fuel-fired power plants because of its derivation from the well-established application 
to natural gas processing and to the refinery industry.  However, the parasitic load is one of the main 
drawbacks of the technology, primarily resulting from: a) the decrease in steam turbine power output due 
to the required steam extraction for solvent regeneration; and b) the auxiliary load for CO2 compression.  
Chemical degradation of the solvent by flue gas impurities such as O2, SOx, NOx and particulates, as well 
as thermal degradation by the solvent regeneration process increase the costs for by-product disposal and 
solvent replacement.  Corrosion can have a direct impact on the plant’s economics as it results in 
unplanned downtime, production losses and reduced equipment life.  In order to commercialise PCC 
technology for large-scale power plants, the process must be optimised to operate with very high 
reliability, but also with lower capital and operating costs. 
Doosan Power Systems (DPS) has been developing a competitive PCC technology for application on 
coal- and natural gas-fired power plants for commercialisation by 2020.  Utilising advanced amine PCC 
process technology licensed from HTC Purenergy Inc., Regina, Canada, Doosan Power Systems has, over 
the past 30 months, retrofitted two PCC pilots, firstly to its 160 kWt Emissions Reduction Test Facility 
(ERTF), located in Renfrew, Scotland and secondly a 15MWt PCC plant (CCPilot100+) to the SSE 
owned Ferrybridge Power Plant in Northern England. 
2. Ferrybridge CCPilot100+ Demonstration Plant 
The CCPilot100+ project is a collaborative project, part-funded by the UK Government through the 
Department of Energy and Climate Change (DECC), Technology Strategy Board (TSB) and The 
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Northern Way.  The project partners are SSE, Vattenfall AB and Doosan Power Systems Limited.  The 
Universities of Edinburgh, Leeds, Nottingham and Sheffield are undertaking complementary research 
projects. 
The CCPilot100+ plant has a nominal CO2 capture capacity of 100 t/day (15 MWt, 5MWe) and 
demonstrates the DPS PCC technology at a scale intermediate between small-scale pilot plants (~ 1 t/day 
CO2 capture) and full scale plants, 150MWe (3000 t/day CO2 capture) and greater. 
The CCPilot100+ plant is installed in a slipstream on Unit 4 (500 MWe) of SSE’s 2000 MWe
Ferrybridge coal-fired power station, located in Northern England.  A schematic diagram of the 
CCPilot100+ plant is presented in Figure 1. 
 
Figure 1 – Ferrybridge CCPilot100+ Plant Schematic Diagram 
3. CCPilot100+ Design 
The plant design embodies the DPS/HTC PCC technology that is offered commercially and has been 
studied in-depth during several Front End Engineering Design (FEED) studies and commercial tenders.   
It includes the lessons learned during the design, construction, commissioning and testing of the 160 kWt
Emissions Reduction Test Facility (ERTF). 
The plant includes measurement of all key gas and solvent flow rates, pressures and temperatures.  On-
line and off-line gas and liquid analyses are carried out at several points on the plant for process 
characterisation and control and emissions characterisation purposes. 
The CCPilot100+ is capable of achieving a 50% turndown on design solvent flows and 25% turndown 
for flue gas flows, enabling investigation over a large range of operational conditions. 
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Figure 2 – Ferrybridge CCPilot100+ Plant Showing Stripper and Absorber Columns 
 
Flue gas is drawn from the Unit 4 flue gas duct downstream of the limestone-gypsum flue gas 
desulphurisation (FGD) plant.   It is drawn through a polishing FGD plant (sodium hydroxide scrubbing 
solution) and direct-contact cooler by a fan before passing to the absorber column.  Flue gas passes up the 
absorber column. Lean solvent enters at the top of the absorber and rich solvent leaves at the bottom.   
The rich solvent passes through a lean-rich heat exchanger before passing to the stripper column for 
regeneration.  Regeneration heat is supplied, via a reboiler, by low pressure steam through integration 
with the Unit 4 steam turbine island.  The absorber off-gas passes through a water wash section before 
being mixed with the stripper CO2 product stream and returns to the Unit 4 flue gas stream for exhaust to 
atmosphere via the existing power station stack.  In a commercial plant the absorber off-gas would be 
exhausted to atmosphere and the stripper CO2 product would be sent to the compressor plant for transport 
to the storage site. 
4. CCPilot100+ Test Programme 
The CCPilot100+ plant is operated by SSE and the test programme is managed by DPS personnel. The 
scheduled two year test programme covers characterisation of: 
f CO2 capture rate and product composition. 
f Reboiler steam consumption. 
f Absorber off-gas amine and degradation product emissions. 
f Absorber column efficiency – column CO2 concentration and temperature profiling. 
f Power and water consumption under differing operating regimes. 
f Optimisation of thermal integration. 
f Solvent testing and formulation for efficiency and durability. 
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f Performance of standard construction materials and polymers. 
f Comparison of performance with other pilot plant for validation of scale-up rules. 
 
The test campaigns comprise a combination of parametric testing and exposure testing in order to assess 
the performance and durability of the solvent, permit process optimisation and provide data on plant 
design and scale-up. 
5. Gas and Liquid Analysis 
The CCPilot100+ project is demonstrating and developing gas and liquid analytical methods for both 
on-line and of-line analysis and integration of these into the distributed control system (DCS).  
5.1. Liquid Analysis 
The CCPilot100+ includes an on-site laboratory, where off-line liquid analyses are undertaken, 
including: 
f Solvent 




 Heat Stable Salt (HSS) Concentration 
 Bound Amine 
f Water (Ion Chromatography) 
 Cooling Water 
 Waste Water 
 
To complement the off-line liquid analyses and to improve feedback of results and plant operation and 
control, DPS are developing on-line analysis for the main solvent properties (amine concentration and 
CO2 loading), which will integrate with the PCC plant control system to facilitate the most efficient and 
economic operation during all operating regimes. 
5.2. Gas Analysis 
The use of FT-IR, coupled with a multi-point extractive heated sampling system, for the analysis of 
components in all the gas streams on the plant is being demonstrated. Of specific importance is the 
demonstration of the ability to measure trace components in the gases, ppmv/ppbv level, such as MEA, 
ammonia and other possible degradation products. Other on-line gas analysis equipment includes an 
ammonia tuneable diode laser analyser and a ppmv oxygen micro fuel cell analyser. 
In addition to the on-line FT-IR measurements, manual extractive gas sampling and analysis will be 
carried out by an external contractor to ascertain the full composition of treated gases leaving the 
CCPilot100+ PCC plant. 
5.3. Environmental Emissions 
DPS and SSE have a continuous interface with the Environment Agency (England and Wales) 
regarding emissions from the CCPilot100+. The working relationship is good and the Environment 
Agency is supportive of the emissions measurement and control techniques that are being demonstrated 
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on the CCPilot100+. The test results will inform the Environment Agency’s development of emissions 
standards for PCC plant. 
6. CCPilot100+ Commissioning and Operating Experience 
The plant has been successfully commissioned and was handed over to the operating team during 
March 2012.  The commissioning and post-commissioning operation included confirmation of the plant 
operational envelope and testing of on-line gas and liquid analysis equipment and the DCS.  Further 
development of the on-line analytical techniques is continuing.  
Good working relationships have been developed between the SSE Ferrybridge Power Station staff 
and the CCPilot100+ staff.  Close working relationships with plant item suppliers and C&I equipment and 
analytical instrument suppliers are continuing.  
Cycling of the plant through several start-up and shut-down sequences has provided information on the 
control and ramping capability of the plant and has allowed optimisation of these transient stages. 
Operation of the plant (contact between the solvent and real flue gas) for 500+ hours has allowed detailed 
analysis of the solvent’s behaviour and development of new analytical techniques and continuous process 
monitoring methods.  
7. CCPilot100+ Test Results 
Over 1000 hours of operation have been completed to-date, including more than one hundred start-up 
and shut-down cycles. 
Parametric testing is being conducted using 30% w/w monoethanolamine (MEA) solution as the 
solvent to provide baseline performance data against which the RS-2TM solvent performance can be 
judged.  The MEA results will also be compared with ERTF baseline results and open literature data. 
To-date, the CCPilot100+ has been operated over a range of CO2 capture rates from 70t/day CO2 to 
100+t/day CO2. 100t/day CO2 capture has been achieved at a capture efficiency of 90%. 
Figure 3 shows typical CCPilot100+ test results for 30%w/w MEA over a range of CO2 capture rates 
and plant efficiencies. The solvent regeneration energy has been calculated using the latent heat of 
vaporisation of steam at 2.5barg. The Figure shows the solvent regeneration energy requirement to be in 
line with expectation for MEA, which is typically quoted as being between 3.6 and 3.9 GJ/t CO2 (as 
shown by the red box on the Figure). 
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Figure 3 – CCPilot100+ Typical Solvent Regeneration Energy Test Results 
8. Knowledge Transfer 
The project team are committed to maximising the scientific benefit of the CCPilot100+ project 
through knowledge dissemination and information sharing.  The project is contributing to the 
development of the carbon capture skills base by creating links with academia and providing 
opportunities for students and researchers from leading UK academic institutions to gain hands on 
experience and use results for complementary R&D projects. 
8.1. Complementary R&D Projects 
The CCPilot100+ project provides opportunities for complementary R&D projects at partner 
Universities: The Universities of Edinburgh, Leeds, Nottingham and Sheffield. Researchers are able to 
use operational results from the CCPilot100+ plant to support areas of CCS-related research, including: 
 
f Control, optimisation and measurement of absorber transients to develop a strategy for efficient carbon 
capture plant operation during steady and transient states. The project includes the development of 
novel monitoring apparatus, which will utilise standard process monitoring instruments and develop 
these to monitor and diagnose solvent conditions in real time. 
f Development of dynamic models and operating strategies for integrated PCC plant, allowing the 
process to be operated economically under various transient conditions. The CCPilot100+ data are 
being used to enhance the modelling study and will provide understanding of industrial operational 
requirements. 
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f Development and testing of a techno-economic model for amine-based PCC plants and correlation of 
CCPilot100+ data. The model will include CAPEX and OPEX costs, plant performance criteria, 
solvent degradation and solvent make-up requirements. 
f Development of a predictive model for amine degradation products in PCC. Using existing predictive 
models for tropospheric degradation of VOCs, chemical kinetic modelling studies will be carried out at 
both atmospheric and process conditions to aid further understanding of possible nitrosamine/ 
nitramine formation and assist in the definition of safe levels or environmental thresholds. 
8.2. Continuing Professional Development (CPD) 
As well as part-funding the complementary R&D projects, the CCPilot100+ project enables further 
knowledge dissemination through a number of routes, including: 
 
f Day visits – Lectures on the power station and electricity generation and the PCC process, its 
commercialisation and economic drivers.  
f One week Industrial Awareness Modules (IAMs), focused on process safety and deployment of CCS. 
f A number of four week site placements, where post-graduate students complete an additional on-site 
project to further their understanding of CCS and the as-built CCPilot100+ plant.  
 
The University of Leeds, in collaboration with DPS, is developing a new engineering CPD course 
focused on CO2 capture and sequestration.   The course is suitable for industrial and academic delegates. 
9. Next Steps 
The CCPilot100+ MEA baseline test programme is nearing completion. RS-2TM testing will be started 
during Q4 of 2012 in order to optimise the process and assess the performance of the solvent under real 
operating conditions, providing valuable data for plant design and scale-up.  
A further test programme will be undertaken with an advanced solvent during 2013 using both MEA 
and RS-2TM as solvent performance references. 
9.1. Process Modelling Validation 
CCPilot100+ test data will be used to validate process models and to develop modelling techniques for 
scale-up. Spreadsheet-based mass and energy balances have been developed for analysis of the data 
produced during each of the parametric test periods. Using a number of comparative methods to close the 
mass balance is aiding the assessment of measurement accuracies. 
9.2. Materials Testing 
DPS has focussed its PCC materials development work on technical feasibility and cost reduction 
potential of various materials, comparing their performance with the known/standard materials for PCC 
(i.e. 304L <100°C and 316L for all other applications). Alternative corrosion resistant metallic alloys, 
polymer resins and anti-corrosion coating systems have been researched and tested.  
A bench-scale materials screening facility has been established at DPS’ R&D facilities in Renfrew. 
This provides a capability to test material specimens at various process conditions (i.e. temperatures, 
pressures, amine compositions and concentrations, and with varying levels of degradation products to 
simulate real plant conditions. Tests have been conducted over several thousand hours and have resulted 
6178   J Carey et al. /  Energy Procedia  37 ( 2013 )  6170– 6178 
in a number of materials being identified that are deemed to be both technically and economically 
advantageous for use in PCC. 
The materials are now being tested over an extensive operating period on the CCPilot100+ plant and 
are being built into the DPS PCC product offering. 
9.3. Solvent Recovery 
Degradation of the solvent and its propensity to form heat stable salts are being closely monitored.  A 
solvent reclaimer, used for processing the degradation products, has been commissioned and will be 
tested extensively. DPS are working closely with the reclaimer supplier to develop and optimise the 
reclamation process and minimise any loss of solvent through its use. 
As well as the analysis of the degradation products removed by the on-site reclaimer, DPS are 
conducting lab-based long-term degradation experiments simulating both coal- and gas-fired flue gas to 
characterise solvent degradation products. 
10. Conclusions 
Doosan Power Systems and HTC Purenergy remain aligned to supply and continue to develop 
commercial-scale PCC technology for utility power plant. 
The construction, commissioning and testing programmes undertaken at the Ferrybridge CCPilot100+ 
plant will provide invaluable knowledge, which will be incorporated into the full commercial deployment 
of PCC technology for power plant. 
Coupled with construction and operation experience, the project is also enabling development of 
materials of construction and of chemical technologies to enhance the product offering further and to 
improve the technology. 
The ongoing research and development and cumulative experience of pilot plant operation will ensure 
that the deployment of commercial-scale PCC plant can be achieved with high availability, rigorous 
operating guarantees, robust procedures and competitive performance, delivering an effective means to 
reduce greenhouse gas emissions from power generation. 
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